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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to laun-
dry dryers and other drying apparatuses, and particularly
to closed-cycle condenser dryers.

BACKGROUND OF THE INVENTION

[0002] Various drying techniques are known in the art.
Example techniques include exhaust pipe techniques,
condenser-based techniques, heat-exchanger-based
techniques and techniques based on heat pumps. Such
techniques are implemented, for example, in laundry dry-
ers. The various drying techniques differ from one anoth-
er in parameters such as cost and energy efficiency.
[0003] For example, U.S. Patent 8,438,751 describes
a dryer having a drying chamber for items to be dried and
a process air duct in which are located a heater for heating
the process air, a blower for driving the process air from
the heater through the drying chamber, and a heat ex-
changer arrangement. Via the heat exchanger arrange-
ment, heat can be withdrawn from the process air flowing
away from the drying chamber, and the process air flow-
ing toward the heater can be fed to the heat exchanger.
[0004] U.S. Patent 8,240,064 describes a dryer that
includes a drying chamber for articles to be dried, a sup-
ply air duct, a process air duct, a heater in the process
air duct for heating process air, a blower that guides the
heated process air over the articles to be dried, an ex-
haust air duct that directs exhaust air to an exhaust air
outlet, and an internally and/or externally cleanable lint
filter in a recirculated air duct that splits at a branching-
off point from the process air duct to the heater and the
exhaust air duct which leads to the exhaust air outlet.
The recirculated air duct joins the supply air duct up-
stream of the heater.
[0005] U.S. Patent 8,353,115 describes an exhaust air
dryer that includes a process airflow entering from out-
side as supply air, which removes moisture from laundry
introduced in a treatment compartment and which emerg-
es to the outside as exhaust air through an air outlet, a
heat exchanger between the treatment compartment and
the air outlet, and an active heat pump seen in the airflow
direction, which removes heat from the process airflow,
while forming condensate, and at the same time heats
the incoming air.
[0006] U.S. Patent Application Publication
2012/0030959 describes a rotary drum dryer with heat
recycling and water collecting function. The dryer dries
rolling clothes by electric heating thermal energy. A heat
exchanging unit with heat recycling function is further in-
stalled between the room temperature air flow and the
discharged hot air, for preheating the intake air flow by
the thermal energy of the discharged hot air through the
heat exchanging unit. Moisture is converted into a liquid
state via a cooling effect generated through heat ex-

changing between water-contained hot air and colder air
and is collected.
[0007] U.S. Patent 8,572,862 describes a drying ap-
paratus that includes a drum and an open-loop airflow
pathway originating at an ambient air inlet, passing
through the drum, and terminating at an exhaust outlet.
A passive heat exchanger is included for passively trans-
ferring heat from air flowing from the drum toward the
exhaust outlet to air flowing from the ambient air inlet
toward the drum. A heat pump is also included for actively
transferring heat from air flowing from the passive heat
exchanger toward the exhaust outlet to air flowing from
the passive heat exchanger toward the drum. A heating
element is also included for further heating air flowing
from the heat pump toward the drum.
[0008] U.S. Patent Application Publication
2012/0233876 describes a home laundry dryer in which
both the fresh air entering a laundry drum and the air
exhausted from the drum pass through thermal recovery
ducting. The dryer heat recovery system has concentric
ducting including a high temperature passage through
which the exhaust air flows and a separate low temper-
ature passage through which the entering air flows. Heat
from the exhausted air is transferred from the high tem-
perature passage to the entering air in the low tempera-
ture passage. This heat transfer lowers the energy re-
quired to raise the entering air to a desired drying tem-
perature. The dryer ducting is designed to have an outer
diameter equivalent to standard size ducting on home
dryers.
[0009] European Patents EP 2576889 and EP
2576888 describe thermoelectric heat pump laundry dry-
ers. U.S. Patent 7,526,879describes a drum washing ma-
chine and a clothes dryer equipped with a thermoelectric
module. The thermoelectric module includes a heat ab-
sorption side and a heat dissipation side. The heat ab-
sorption side is disposed at a hot air flowing passage.
[0010] U.S. Patent 4,154,003 describes a combination
washer-dryer comprised of an inner and outer container
that are spaced apart so as to form a condensation cham-
ber therebetween. A cooling medium and moist air with-
drawn from the inner drying container are simultaneously
forced through that chamber which cools the air and
causes moisture contained therein to be condensed and
thus separatable from the air. Additional condensation
and water separators can be employed to further treat
the circulating air prior to that air being reheated and re-
turned to the inner drying container.
[0011] GB570541 discloses a laundry and textile dry-
ing machine comprising three sections, one comprising
a chamber divided into two compartments.

SUMMARY OF THE INVENTION

[0012] As an example, not forming part of the present
invention, at least one of the regeneration heat exchang-
er and the cooling element is fabricated at least partially
from a material having low thermal-conductivity. As an
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example, not forming part of the present invention, at
least one of the regeneration heat exchanger and the
cooling element is fabricated at least partially from plas-
tic. As an example, not forming part of the present inven-
tion, the regeneration heat exchanger and the cooling
element are fabricated jointly in a single mechanical as-
sembly.
[0013] As an example, not forming part of the present
invention, by transferring the heat, the regeneration heat
exchanger is configured to cool and optionally conden-
sate the air extracted from the compartment, and to heat
the air exiting the cooling element. As an example, not
forming part of the present invention, the cooling element
includes a cooling heat exchanger that is configured to
cool the extracted air by heat exchange with the external
fluid flow.
[0014] As an example, not forming part of the present
invention, the heating element is configured to heat the
air before re-introduction into the compartment at least
partially by transferring heat from another fluid flow. The
other fluid flow may include the air in the closed-loop
pathway prior to the cooling element. Alternatively, the
other fluid flow may include an external fluid flow exiting
the cooling element.
[0015] As an example, not forming part of the present
invention, the cooling element is configured to cool the
air at least partially by transferring heat to another fluid
flow. As an example, not forming part of the present in-
vention, the cooling element includes a cooled core that
is mounted inside the regeneration heat exchanger, the
core is configured to cool the air flowing through the re-
generation heat exchanger, and the regeneration heat
exchanger is configured to cool the extracted air up-
stream of the core by transferring heat to the cooled air
downstream of the core, and to heat the extracted air
downstream of the core using heat of the extracted air
upstream of the core.
[0016] As examples, not forming part of the present
invention, the drying apparatus includes a restrictor for
allowing volumetric expansion or contraction of the
closed-loop air pathway. In an, one side of the restrictor
is connected to a location of driest and coolest air in the
closed-loop pathway. In another example, one side of
the restrictor is connected to the external fluid flow heated
by the cooling element. In another example, an enclosure
packages the drying apparatus and is arranged to emit
and absorb external air, and one side of the restrictor is
configured to exchange air with the inner side of the en-
closure.
[0017] In another example, the cooling element is con-
figured to convert at least some of the heat energy evac-
uated from the air of the closed-loop pathway into elec-
tricity. In another example, the drying apparatus includes
an external fluid pathway, which is configured to exploit
at least some of the heat energy added in the drying
apparatus to the external fluid, by circulating the external
fluid via an external system. In another example, the dry-
ing apparatus includes a fluid pathway, which is config-

ured to exploit at least some of the heat energy emitted
from the closed-loop air pathway by storing the heat en-
ergy in one or more heat reservoirs. The heat reservoirs
may include at least one of a fluid, a Phase Changing
Material (PCM) and a material that stores the heat energy
by reacting chemically.
[0018] The present inventionprovides, in accordance
with an embodiment of the present invention, a drying
apparatus including at least first and second compart-
ments for containing objects to be dried, characterized
by a closed-loop air pathway. The closed-loop air path-
way is configured to cycle air in cascade through at least
the first and second compartments, to extract air from
the first compartment, to dry and reheat the air extracted
from the first compartment, and to introduce the dried
and reheated air into the second compartment; and a
regeneration heat exchanger, which is inserted in the
closed-loop air pathway.
[0019] In some embodiments, the drying apparatus
wherein the regeneration heat exchanger is configured
to dry and reheat the air extracted from the first compart-
ment using heat of the air extracted from the second com-
partment. In some embodiments, the drying apparatus
includes a second regeneration heat exchanger that is
inserted in the closed-loop air pathway and is configured
to dry and reheat the air entering the first compartment
using heat of the air cooled in the regeneration heat ex-
changer.
[0020] In another embodiment, the drying apparatus
wherein the regeneration heat exchanger is configured
to dry and reheat the air entering the first compartment
using heat of the air extracted from the second compart-
ment. In yet another embodiment, the drying apparatus
includes a heating element, which is inserted in the
closed-loop air pathway and is configured to heat the air
prior to entry to the second compartment. In still another
embodiment, the drying apparatus includes a cooling el-
ement, which is inserted in the closed-loop air pathway
and is configured to remove moisture from the air of the
closed-loop air pathway by evacuating heat from the air
after extraction from the second compartment and before
entering the first compartment.
[0021] There is further provided, in accordance with an
embodiment of the present invention, a drying method.
[0022] The present invention will be more fully under-
stood from the following detailed description of the em-
bodiments thereof, taken together with the drawings in
which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

Figs. 1 and 2 are block diagrams that schematically
illustrate closed-cycle condenser-based laundry dry-
ers;
Fig. 3 is a block diagram that schematically illustrates
a heat-pump-based laundry dryer;
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Figs. 4-7 are block diagrams that schematically illus-
trate condenser-based laundry dryers;
Fig. 8 is a block diagram that schematically illustrates
a laundry dryer using a heat exchanger having a
cooled core;
Fig. 9 is a block diagram that schematically illustrates
a heat exchanger having a cooled core used in the
laundry drier of Fig. 8;
Fig. 10 is a block diagram that schematically illus-
trates the laundry dryer of Fig. 8;
Figs. 11-14 are block diagrams that schematically
illustrate laundry dryers having multiple compart-
ments, in accordance with embodiments of the
present invention;
Figs. 15 and 16 are block diagrams that schemati-
cally illustrate laundry dryers that export heat to an
external system; and
Fig. 17 is a block diagram that schematically illus-
trates a laundry dryer having a Thermo Electric Gen-
erator (TEG) serving as a cooling element.

DETAILED DESCRIPTION OF EMBODIMENTS

OVERVIEW

[0024] Embodiments of the present invention that are
described herein provide improved methods and sys-
tems for drying. The embodiments described herein refer
mainly to laundry dryers, but the disclosed techniques
can be used in various other suitable applications that
involve drying.
[0025] In some examples, a dryer comprises a com-
partment containing objects to be dried, e.g., a drum for
holding laundry to be dried. A closed-loop pathway ex-
tracts from the compartment air that includes moisture in
the form of vapor. The closed-loop pathway cools the
extracted air using a cooling element. The cooling oper-
ation causes at least part of the moisture to condensate,
and thus dries the extracted air. The closed-loop pathway
then reheats the cool and dry air using a heating element,
and re-introduces the reheated air into the compartment.
[0026] In order to improve the energy efficiency of the
dryer, a regeneration heat exchanger is inserted in the
closed-loop air pathway. The regeneration heat ex-
changer exchanges heat between the air extracted from
the compartment and the air cooled by the cooling ele-
ment prior to reheating: The air extracted from the com-
partment cools and condensates by the air that exits the
cooling element, and the air that exits the cooling element
is heated by the air extracted from the compartment.
[0027] By performing the above-described heat ex-
change operation inside the closed-loop air pathway, a
considerable portion of heat energy, which has been re-
moved from the air and from the condensing water vapor,
is reused and fed-back into the compartment. Conse-
quently, the energy efficiency of the dryer improves con-
siderably, e.g., by a factor of 10-20%.
[0028] The disclosed solution can be viewed as a

closed-loop scheme having two heat exchange opera-
tions - One as a cooling element and one as a regener-
ation heat exchanger. In the present context, the term
"regeneration heat exchanger inserted in the closed-loop
pathway" means that the heat exchanger performs re-
generation heat exchanging between the air at two dif-
ferent locations along the closed-loop pathway having
different thermodynamic states - The air extracted from
the compartment, and the air cooled by the cooling ele-
ment.
[0029] Several example implementations of this
scheme are described herein. In some examples the
cooling element comprises an additional heat exchanger
that exchanges heat with external air. In other e examples
the cooling element and the heating element are part of
a heat pump. In yet other examples , the cooling element
comprises a cooled core that is mounted inside the heat
exchanger. Dehumidification aspects of using a heat ex-
changer having a cooled core are addressed in U.S. Pat-
ent Application Publication 2014/0261764 and PCT In-
ternational Publication WO 2014/141059.
[0030] In some examples, the regeneration heat ex-
changer and/or the cooling element are fabricated from
a material having low thermal conductivity, such as plas-
tic. In an example, the regeneration heat exchanger and
the cooling element are fabricated in a single mechanical
assembly, e.g., using one or more duplication of similar
plastic leaves.
[0031] In other examples that are described herein, the
air re-entering the compartment is heated by a Thermo-
Electric Cooler (TEC). In some of these examples, the
cold side of the TEC is in contact with the humid air prior
to entering the cooling element. In alternative examples,
the cold side of the TEC is in contact with the external
air prior to exiting the dryer. In some examples, a heat
pump may replace the TEC functionality, and vice versa.
[0032] In other disclosed examples, a dryer comprises
multiple compartments, e.g., for drying multiple different
types of laundry. The closed-loop pathway traverses the
multiple compartments in cascade. Each compartment
is coupled to a respective heat exchanger, which ex-
changes heat between the air entering the compartment
and the air removed from the last compartment in the
cascade. By reusing heat in multiple stages in this man-
ner, considerably high efficiency can be achieved.
[0033] In other examples, heat that is removed by the
cooling element is reused for heating an external system,
for example a washing machine or some central heating
system. The removed heat may alternatively be stored
and used later internally, e.g., in a subsequent drying
cycle.
[0034] In yet other examples, the cooling element com-
prises a thermo-electric generator (TEG) or other heat
generator, which converts some of the removed heat into
electricity. The harvested electricity can be used inter-
nally in the dryer to further improve its efficiency, or ex-
ported to an external system.
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CONDENSER-BASED DRYER WITH REGENERA-
TION HEAT EXCHANGER AND COOLING HEAT EX-
CHANGER

[0035] Fig. 1 is a block diagram that schematically il-
lustrates a condenser-based laundry dryer 20, in accord-
ance with an examples of the present invention. Dryer
20 comprises a compartment for holding objects to be
dried, in the present example a drum 24 for holding laun-
dry 28 to be dried. Drum 24 may be spinning, e.g., using
an electrical motor. Alternatively, any other suitable type
of compartment can be used.
[0036] Dryer 20 dries laundry 28 using a closed-loop
air cycle, referred to herein as a closed-loop pathway.
The term "closed-loop" means that air is extracted from
drum 24, dehumidified and then re-introduced into the
drum. In other words, a closed-loop drying cycle gener-
ally does not introduce air from outside the dryer into the
drum and does not extract air from the drum to the outside
of the dryer. (In some examples, a small quantity of air
may be released from the closed loop or added to the
closed loop, e.g., through a suitable restrictor or nozzle,
whose function will be explained below. This mechanism
is not regarded as violating the closed loop cycle. More-
over, air leakage to or from the closed-cycle elements,
which is common in any practical closed-cycle implemen-
tation, is also not considered violating the closed loop
cycle.)
[0037] In the example closed-loop pathway of Fig. 1,
a blower 36 extracts hot and humid air 40 from drum 24
via a fiber filter 32. Air 40 passes through a regeneration
heat exchanger 44, whose role is described in detail be-
low. Air 48 exiting heat exchanger 44 is cooler and typi-
cally has higher relative humidity than air 40 entering the
heat exchanger. Typically, condensation will occur in
heat exchanger 44, as air 40 cools, saturates, and con-
tinues to be cooled, thus producing condensate water 92.
[0038] Air 48 exits heat exchanger 44, and may pass
through the cold side of a Thermo-Electric Cooler (TEC)
device 52. Typically, condensation will also occur at the
cold side of the TEC device, as air 44 continues to be
cooled, thus producing more condensate water 92. Air
48 exits the cold side of the TEC device as air 56 and
continues toward a cooling element.
[0039] In the example of Fig. 1, the cooling element
comprises a heat exchanger 60 (also referred to as a
cooling heat exchanger) that cools air 48 by exchanging
heat with external air 80. In the present example, the cold
side of a TEC device is also part of the cooling element.
External air 80 passes through a dust filter 82 to become
filtered air 84, and enters heat exchanger 60 as the cool-
ing media. Air 56 cools and condensates in heat exchang-
er 60, thus producing more condensate water 92, while
external air 84 is being heated. Water 92 is typically being
disposed of using a pump 94 and a drainage pipe 96.
[0040] Air 64 that exits heat exchanger 60 is typically
slightly hotter than room temperature, saturated with hu-
midity, but has low absolute humidity. Air 64 enters re-

generation heat exchanger 44, and flows against the hot
and humid air 40 that was extracted from drum 24. The
heat exchange in regeneration heat exchanger 44 has
two effects: Air 68 exits heat exchanger 44 is hotter and
drier than air 64 enters the heat exchanger; and air 48
exits heat exchanger 44 is cooler and has higher relative
humidity than air 40 enters the heat exchanger.
[0041] To conclude the closed-loop process, air 68 is
further heated by a heating element, so as to produce
hot and dry air 76, and air 76 is re-introduced into drum
24. In some examples, the heating element comprises
an electrical heater 72. Additionally or alternatively, the
heating element may comprise the hot side of TEC device
52. A blower 88 removes air 86 from heat exchanger 60
to the external environment.
[0042] Since heat energy is added to the closed-loop
pathway (e.g., using the heating element, whether heater
72, TEC 52 or any other alternative or combination) the
removed air 86 should be hotter than the ambient envi-
ronment in order to dispose of the added energy. Note
that humidity is not added to the removed air, and there-
fore the process will eventually condensate almost all of
the water that was extracted from drum 24.
[0043] In some examples, a restrictor 100 (e.g., a noz-
zle) bridges between the location where the air is driest
and coolest in the closed-loop pathway and between the
hottest location in the external process. The restrictor
enables small volumetric changes of air in the closed-
loop cycle. For example, when the closed-loop air volume
expands (e.g., due to heating and/or water evaporation),
the excess cold and dry air can be released from the
closed cycle via the restrictor toward the external process
air. As another example, when the closed-loop air volume
contracts (e.g., due to cooling and/or water condensa-
tion), hot air from the external process can be added to
the closed loop via the restrictor, to compensate for the
contracted volume.
[0044] In some examples, however, one side of the
restrictor may be placed at any other suitable location in
the closed-loop pathway, and the other side of the re-
strictor may be placed at any other suitable location in
the external air process.
[0045] In an alternative examples, TEC 52 can be re-
placed by a heat pump. Such a heat pump typically uses
a refrigerant cycle, which cycles a refrigerant via a refrig-
erant evaporator, a compressor, a refrigerant condenser
and an expansion valve. The refrigerant evaporator func-
tions as the cold side of TEC 52, and the refrigerant con-
denser functions as the hot side of TEC 52.
[0046] Generally, in all of the examples described
herein, a TEC device may be replaced by a heat pump,
and vice versa.
[0047] In some examples, a controller 104, e.g., a suit-
able microprocessor, controls and manages the opera-
tion of the dryer.
[0048] In some examples, heat exchanger 44 and/or
heat exchanger 60 are fabricated from a material having
low thermal conductivity, for example plastic or other non-
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metallic material. In some examples, the two heat ex-
changers in dryer 20 (heat exchanger 44 and cooling
element 60) are fabricated in a single mechanical assem-
bly. For example, heat exchangers 44 and 60 may have
similar leaf structures, and may be fabricated in plastic
using a single mold (with or without small variations).
[0049] In an alternative examples, the functionality of
heat exchanger 44 can be included in TEC device 52,
and the two elements may be united and implemented
in a single conponent.

CONDENSER-BASED DRYER WITH UNIFIED RE-
GENERATION HEAT EXCHANGER AND COOLING 
HEAT EXCHANGER

[0050] Fig. 2 is a block diagram that schematically il-
lustrates a condenser-based laundry dryer 22, in accord-
ance with another examples of the present invention. The
general flow cycles and functionality of dryer 22 are the
same as those of dryer 20 in Fig. 1. In the examples of
Fig. 2, however, a unified heat exchanger assembly 170
comprises both a regeneration heat exchanger 144 and
a cooling element 160 in a unified mechanical structure.
Heat exchanger 144 carries out the functionality of heat
exchanger 44 in Fig. 1. Heat exchanger 160 carries out
the functionality of heat exchanger 60 in Fig. 1.

HEAT-PUMP-BASED DRYER WITH ADDITIONAL 
HEAT EXCHANGER

[0051] Fig. 3 is a block diagram that schematically il-
lustrates a refrigerant-based heat-pump laundry dryer
200, in accordance with yet another example of the
present invention. Dryer 200 comprises a heat pump hav-
ing a refrigerant cycle, which cycles a refrigerant via a
refrigerant evaporator 204, a compressor 208, a refrig-
erant condenser 212 and an expansion valve 206. Thus,
in the present example refrigerant evaporator 204 serves
as the cooling element, and refrigerant condenser 212
serves as a heating element.
[0052] Excess heat is removed from refrigerant evap-
orator 204 using external and filtered air 84, driven by
blower 88. The air exits the system hotter than it enters,
marked as 86. In some examples, refrigerant evaporator
204 can be split into two different refrigerant evaporators
(not shown in the figure), one to be used as the cooling
element of the closed cycle and one to be cooled by the
external air stream.
[0053] Air 48 flows via cooling element 204, cools and
condensates thereby producing more condensation wa-
ter 92, and then exits the cooling element as air 264. Air
264 is cold, has high relative humidity but has low abso-
lute humidity. Air 264 is heated by regeneration heat ex-
changer 44, and exits as air 268 that is hotter and dryer.
Air 268 continues to flow through heating element 212,
and may also be heated by electrical heater 72 to produce
hot and dry air 276. To conclude the closed-loop process,
air 276 is re-introduced into drum 24.

CONDENSER-BASED DRYER WITH REGENERA-
TION HEAT EXCHANGER, A COOLING HEAT EX-
CHANGER AND WITH EMITTED HEAT REUSE

[0054] Fig. 4 is a block diagram that schematically il-
lustrates a condenser-based laundry dryer 300, in ac-
cordance with yet example of the present invention. In
dryer 300, the heating element comprises the hot side of
a TEC device 70 that uses the external-flow heat to heat
the closed-cycle dry air flow entering the drum.
[0055] Air 48 enters heat exchanger 60, is cooled by
heat transfer to air 84, and exists as air 62. Air 62 that
exits heat exchanger 60 enters regeneration heat ex-
changer 44, is heated by heat transfer from air 40, and
exits as air 66. The hot side of TEC device 70 heats air
66 using some of the heat of external air 86 that was
previously heated in heat exchanger 60. The heating el-
ement may be also comprise a heater 74.
[0056] After passing some heat to the cold side of TEC
70, a blower 88 removes air 90 from dryer 300 to the
external environment.
[0057] Figs. 5-7 describe several possible variations
of dryer 300 according to some examples of the present
invention. The example of Fig. 5 includes a unified heat
exchanger 370 that comprises heat exchangers 344 and
360 in a single mechanical assembly. Heat exchanger
344 functions as heat exchanger 44 in Fig. 4, and heat
exchanger 360 functions as heat exchanger 60 in Fig. 4.
Fig. 6 includes a heat pump (comprising a refrigerant
evaporator 224, a compressor 232, a refrigerant con-
denser 236 and an expansion valve 228) that replaces
TEC 70 mentioned in Fig. 4. Fig. 7 is a combination of
the variations described in both Figs. 5 and 6: The heat
pump replaces the TEC device and the heat exchangers
are unified.

DRYER WITH COOLED-CORE HEAT EXCHANGER

[0058] In some examples of the present invention, the
cooling element comprises a cooled core that is mounted
inside the heat exchanger. Dehumidification using a heat
exchanger having a cooled core is addressed in U.S.
Patent Application Publication 2014/0261764 and PCT
International Publication WO 2014/141059, cited above.
These references also provide example mechanical con-
figurations of such heat exchangers. Any of the configu-
rations described in these references can be used in the
closed-loop cycle of the dryers described herein.
[0059] Fig. 8 and 9 are block diagrams that schemat-
ically illustrate a laundry dryer 350 using a heat exchang-
er having a cooled core, and details of this heat exchang-
er, in accordance with an example of the present inven-
tion. In this example, the dryer comprises an integrated
cooling & heat exchange assembly 390. Assembly 390
uses external air 80 to cool a core 360 that is placed
inside a heat exchanger 344. The air exiting the core is
denoted 86. (In alternative examples, core 360 may be
cooled using liquid, gas, refrigerant or any other suitable
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external fluid.) Cooled core 360 serves as the cooling
element of the dryer.
[0060] Air 40, which was extracted from drum 24, is
split into two flows denoted 40A and 40B. The two flows
are applied to two respective inlets of heat exchanger
344, and flow across one another in alternating counter-
flow pathways of the heat exchanger. Flow 40A is first
cooled in heat exchanger 344A (before reaching core
360) by heat exchange with flow 62B that leaves the core.
Similarly, flow 40B is first cooled in heat exchanger 344B
(before reaching core 360) by heat exchange with flow
62A that leaves the core. The two flows are then cooled
by flowing over core 360 against external air 84 that that
absorbs the heat during this process.
[0061] External air 80, driven by blower 88 enters the
dryer and being filtered by air filter 82 to remove dust and
dirt. Filtered air 84 enters cooled core 360 as the cooling
media. While flow 84 cools down flows 48A and 48B in
the heat exchanger 360, flows 84A and 84B becomes
hotter and exits heat exchanger 360 as flow 86, which is
hotter than the environment and dry.
[0062] In other words, each of flows 40A and 40B un-
dergoes three successive processes in assembly 390:
Cooling in a first side of heat exchanger 344 by transfer-
ring the heat to the other flow that was already cooled by
core 360; further cooling by flowing over core 360; and
finally heating in the other side of heat exchanger 344
using the heat of the other flow that is entering the heat
exchanger.
[0063] As a result of this joint operation (which is similar
to the separate operations of cooling by condenser 60
and heat exchange by heat exchanger 44 of Fig. 4), air
62 exiting assembly 390 is considerably drier than air 40
entering assembly 390. The moisture extracted by as-
sembly 360 condensates to produce condensate water
92.
[0064] In an example, a junction 352 is connected to
restrictor 100 (outside assembly 390). The restrictor 100
(e.g., a nozzle) enables releasing or adding small quan-
tities of air from/to the closed-loop pathway as needed.
Restrictor 100 performs a similar function to restrictor
100 of Figs. 1-7 above.
[0065] As in previous examples, air 86 is heated and
then re-introduced into drum 24. In the present example
air 86 is heated by a heat pump (refrigerant evaporator
224, compressor 232, refrigerant condenser 236 and ex-
pansion valve 228) using the heat of the heated external
air that is about to exit the dryer. Alternatively, heating
can be performed by TEC 72, as explained above. Ad-
ditionally or alternatively, air 86 can be heated by elec-
trical heater 74 before re-entering drum 24.
[0066] In some examples of this invention, core 360 is
cooled by external air 84, thereby producing warm air 86.
(As noted above, the core may alternatively be cooled
using any suitable liquid, gas, refrigerant or other suitable
fluid.)
[0067] Fig. 10 is a block diagram that schematically
illustrates laundry dryer 350, in accordance with an ex-

ample of the present invention described in Figs. 8 and
9. This figure shows an illustrative implementation exam-
ple of assembly 390. Implementations of this sort are
described, for example, in U.S. Patent Application Pub-
lication 2014/0261764, cited above.
[0068] As can be seen in the figure, air flows 40A and
40B enter assembly 390 via suitable pathways at the top
of the assembly, and air flows 66A and 66B exit assembly
390 via suitable pathways at the bottom of the assembly.
External air 84, for cooling core 360, enters from behind
the assembly and air 86 exits the core at the front.

MULTIPLE-DRUM CONDENSER DRYER WITH MUL-
TIPLE REGENERATION HEAT EXCHANGERS

[0069] Figs. 11-14 are block diagrams that schemati-
cally illustrate laundry dryers having multiple compart-
ments, in accordance with examples of the present in-
vention. In the disclosed configurations, a closed-loop air
pathway traverses the multiple compartments (e.g.,
drums) in cascade. Each compartment is coupled to a
respective regeneration heat exchanger, which exchang-
es heat between the air removed from the last compart-
ment and the air entering the other compartments in the
cascade. The closed-loop pathway typically comprises
a single cooling element.
[0070] The examples below refer to three compart-
ments, for the sake of clarity. Alternatively, however, the
disclosed techniques can be used to implement multi-
compartment dryers having any other suitable number
of compartments.
[0071] Fig. 11 is a block diagram that schematically
illustrates a multi-drum laundry dryer 400, in accordance
with an embodiment of the present invention. Dryer 400
has three drums 24A...24C for drying laundry 28A...28C,
respectively. A closed-loop air pathway traverses the
three drums in cascade: The air removed from a given
drum is dried and heated, and then introduced into the
next drum in the cascade. The last drum in the cascade,
in the present example drum 24A, is the hottest of the
three.
[0072] The heat of hot and humid air 40A, removed
from the hottest drum is transferred using the respective
regeneration heat exchangers into the air entering each
drum. The air flow cascades from the outlet of one drum
to the inlet of the next, i.e., from drum 24C toward drum
24B, and from drum 24B toward drum 24A. In this manner
of connection, the energy required to dry the objects in
all drums equals almost to the energy required to dry
objects in a single drum. The heat energy is evacuated
to the environment using cooling element 60 by exchang-
ing heat to the external air flow.
[0073] In the example closed-loop pathway of Fig. 11,
a blower 36 extracts hot and humid air 40A from drum
24A via a fiber filter 32A. Air 40A passes through a re-
generation heat exchanger 44A. Air 40A exits heat ex-
changer 44A as air 40B, which is cooler and typically has
higher relative humidity than air 40A entering the heat

11 12 



EP 3 117 166 B1

8

5

10

15

20

25

30

35

40

45

50

55

exchanger. Typically, condensation will occur in regen-
eration heat exchanger 44A, as air 40A cools, saturates,
and continues to be cooled, thus producing condensate
water 92.
[0074] Air 40B flows toward heat exchanger 44B for
further cooling by heat exchanging. As air 40B continues
to be cooled, thus producing more condensate water 92,
it exits regeneration heat exchanger 44B as air 40C. Air
40C flows toward regeneration heat exchanger 44C for
further cooling by heat exchanging. As air 40C continues
to be cooled, thus producing more condensate water 92,
it exits heat exchanger 44C as air 48.
[0075] In some embodiments, air 48 flows toward the
cold side of a TEC device 52 for further cooling, and in
order to reuse some of the condensation heat for the
heating element. Air 48 exits the cold side of the TEC
device as air 56.
[0076] Whether or not TEC device 52 is used, air 48
continues and becomes air 56 to be cooled using cooling
element 60 by heat exchanging, thus producing more
condensate water 92. The air exits the cooling element
as air 64C and enters regeneration heat exchanger 44C.
In heat exchanger 44C, air 64C is heated by heat ex-
changing and exits hotter and dryer as air 68C. Air 68C
enters drum 24C to dry the objects within that drum.
[0077] The air exits drum 24C thru fiber filter 32C as
air 64B, and enters regeneration heat exchanger 44B. In
heat exchanger 44B, air 64B is heated by heat exchang-
ing and exits hotter and dryer as air 68B. Air 68B enters
drum 24B to dry the objects within that drum.
[0078] The air exits drum 24B thru fiber filter 32B as
air 64A, and enters regeneration heat exchanger 44A. In
heat exchanger 44A, air 64A is heated by heat exchang-
ing and exits hotter and dryer as air 68A. Air 68A might
be heated by the hot side of a TEC device 52 or/and other
heating element, such as electrical heater 72. After heat-
ing, the air proceeds hotter and dryer as air 76 and enters
drum 24A to dry the objects within that drum, to conclude
the closed cycle operation. In the present example the
air in the closed cycle is driven by blower 36, which can
be located in any practical location in the closed cycle.
[0079] Blower 88 drives external air process to cool
down the cooling element 60 by heat exchanging. Exter-
nal air 80 enters the dryer via a dust and dirt filter 82,
proceeds as clean and relatively cold air 84 toward the
cooling element 60, heats up in the cooling element by
heat exchanging and exits hotter toward the environ-
ment.
[0080] Fig. 12 is a block diagram that schematically
illustrates a multi-drum laundry dryer 450, in accordance
with another embodiment of the present invention. The
functionality of dryer 450 is similar to the functionality of
dryer 400 of Fig. 11, with several differences:

1 Drum 24A is not necessarily the hottest drum. The
temperature relations among the drums can be set-
ting the various heating elements (TECs and/or heat-
ers).

1 Air flows 68A...68C are heated by the hot sides
of respective TEC devices 52A...52C (and/or by
electric heaters 72A...72C) prior of entering drums
24A...24C as air flows 76A...76C, respectively.
1 Flow 48 in dryer 450 is split into 3 flows. The three
flows are driven by separate respective blowers
36A...36C. Alternatively, flow 48 can be driven by a
single blower and be split by a distributor (not shown
in the diagram).
1 The cold sides of TEC devices 52A...52C cool
flows 68A...68C, respectively, typically producing
more condensate water 92. The flows continue as
flows 56A...56C, respectively, and unite together to
form flow 56.

[0081] Fig. 13 is a block diagram that schematically
illustrates a multi-drum laundry dryer 500, in accordance
with yet another embodiment of the present invention. In
the example closed-loop pathway of Fig. 13, a blower 36
extracts hot and humid air 40A from drum 24A via a fiber
filter 32A. Air 40A passes through a regeneration heat
exchanger 44A. Air 40A exits heat exchanger 44A as air
40B, which is cooler and typically has higher relative hu-
midity than air 40A entering the heat exchanger. Typical-
ly, condensation will occur in regeneration heat exchang-
er 44A, as air 40A cools, saturates, and continues to be
cooled, thus producing condensate water 92.
[0082] Air 40B flows toward heat exchanger 44B for
further cooling by heat exchanging. As air 40B continues
to be cooled, thus producing more condensate water 92,
it exits regeneration heat exchanger 44B as air 40C. Air
40C flows toward regeneration heat exchanger 44C for
further cooling by heat exchanging. As air 40C continues
to be cooled, thus producing more condensate water 92,
it exits heat exchanger 44C as air 48.
[0083] Air 48 enters heat exchanger 60, is cooled by
heat transfer to air 84, and exists as air 62C. Air 62C that
exits heat exchanger 60 enters regeneration heat ex-
changer 44C, is heated by heat transfer from air 40C,
exits as air 66C, and enters drum 24C.
[0084] Air 62B exits drum 24C (after passing through
filter 32C) enters regeneration heat exchanger 44B, is
heated by heat transfer from air 40B, exits as air 66B,
and enters drum 24B. Air 62A exits drum 24B (after pass-
ing through filter 32B) enters regeneration heat exchang-
er 44A, is heated by heat transfer from air 40A, and exits
as air 66A.
[0085] The hot side of TEC device 70 heats air 66A
using some of the heat of external air 86 that was previ-
ously heated in heat exchanger 60. The heating element
may be also comprise a heater 74. To conclude the
closed cycle, air 78 enters drum 24A. After passing some
heat to the cold side of TEC 70, a blower 88 removes air
90 from dryer 500 to the external environment.
[0086] Fig. 14 is a block diagram that schematically
illustrates a multi-drum laundry dryer 550, in accordance
with another embodiment of the present invention. The
functionality of dryer 550 is similar to the functionality of
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dryer 500, with several differences:

1 Drum 24A is not necessarily the hottest drum. The
temperature relations among the drums can be set-
ting the various heating elements (TECs and/or heat-
ers).
1 Air flows 66A...66C are heated by the hot sides
of TEC devices 70A...70C (and/or by electric heaters
78A...78C) prior to entering drums 24A...24C as air
flows 78A...78C, respectively.
1 Flow 86 in dryer 550 is split into 3 flows 86A...86C.
The three flows are driven by separate respective
blowers 88A...88C, respectively. Alternatively, flow
86 can be driven by a single blower before splitting.
1 The cold sides of TEC devices 70A...70C cool
flows 86A...86C, respectively, typically producing
more condensate water 92. The flows continue as
flows 90A...90C, respectively, and exit to the envi-
ronment.

[0087] The multi-compartment dryer configurations of
Figs. 11-14 are depicted purely by way of example. In
alternative embodiments, any other suitable dryer con-
figuration, in which a closed-loop pathway cycles air in
cascade through multiple drying compartments, can be
used.

CONDENSER-BASED DRYER WITH REGENERA-
TION HEAT EXCHANGER AND COOLING HEAT EX-
CHANGER WITH EMITTED HEAT EXPLOITATION

[0088] Figs. 15 and 16 are block diagrams that sche-
matically illustrate condenser-based laundry dryers 600
and 601 that reuse the heat emitted in the external proc-
ess, in accordance with examples of the present inven-
tion. The emitted heat can be used, for example, for heat-
ing a water reservoir, a central air conditioning system,
a sub-floor heating system, or for any other suitable pur-
pose.
[0089] For simplicity, Figs. 15 and 16 demonstrate the
disclosed technique using the closed cycle of dryer 20,
described in Fig. 1 above. Generally, however, the dis-
closed heat-reuse technique can be used with any of the
other closed cycles shows in the figures above.
[0090] In Fig. 15, an additional pump 688 (replacing
blower 88) is added to the dryer in order to circulate liquid,
to cool down the cooling element 60 by heat exchanging.
A reservoir 690 contains fluid, e.g., water, or other ma-
terial. The fluid is cold in the beginning of the drying op-
eration. The fluid entering the dryer (marked 680) passes
through a dirt filter 682 and proceeds as flow 684 toward
cooling element 60. The flow is heated by heat exchang-
ing in cooling element 60 and emitted as flow 686, hotter
than it was in the reservoir. It then enters the reservoir
to rise up its temperature. During the drying process the
emitted heat is kept within the reservoir. Alternatively to
using water, the reservoir may comprise any other suit-
able material, such as Phase Change Material (PCM) or

a material that stores heat using a chemical reaction.
[0091] An opening 610 in Dryer 600 enables exchang-
ing a small amount of air between the environment and
the inner side of the dryer enclosure. The inner side of
the dryer enclosure is typically hotter than the environ-
ment due to heat losses from the drum, the heat exchang-
ers and other elements.
[0092] In some examples, a restrictor 100 (e.g., a noz-
zle) bridges between the location where the air is driest
and coolest, in the closed-loop pathway and between the
inner volume of dryer enclosure, which is typically hotter
than the environment. The restrictor enables small air
volumetric changes in the closed loop cycle under vari-
ous conditions. For example, when the closed-loop air
volume expands (e.g., due to heating and/or water evap-
oration), the excess cold and dry air can be released from
the closed cycle via the restrictor toward the inner enclo-
sure volume, and from there via opening 610 toward the
environment. As another example, when the closed-loop
air volume contracts (e.g., due to cooling and/or water
condensation), hot air from the inner enclosure volume
can compensate for the contracted volume in the closed
cycle. The inner enclosure volume is filled-up from the
environment by the external air via opening 610.
[0093] Alternatively, pump 688 and/or filter 682 can be
located outside dryer 600 as an add-on feature (not
shown in the figure). In some examples, a combination
of water circulation process as shown in Fig. 15 and ex-
ternal air process as shown in Fig. 1 can be used in order
to cool down the cooling element (not shown in the fig-
ure).
[0094] A temperature sensor may be used as an input
to controller 104, for example in order to choose the cool-
ing media, to control the overheating of the reservoir, or
for any other suitable purpose. One or more flow-control
sensors may be used as input to controller 104, for ex-
ample in order to monitor the flow rate and/or water level,
or for any other suitable purpose.
[0095] Fig. 16 shows a dryer 601, which also exploits
the emitted heat similarly to Fig. 15. In dryer 601, how-
ever, the circulated liquid heat is being evacuated instead
of being accumulated in a reservoir. In the example of
Fig. 16, an external heat exchanger 692 is used to drive
the heat from flow 686 toward flow 696. Flow 696 is driven
by blower 694. Air 696 can be taken from the house
and/or from the environment, heated by heat exchanging
in heat exchanger 692 and evacuated to the house and/or
to the environment hotter than it entered.
[0096] In another example, the heat evacuation from
heat exchanger 692 is not performed by active flow of air
696, by blower 694. The heat might be transferred to sub-
floor heating, radiator, or other suitable system. In some
examples, fluid passes via the cooling element, in which
it heats up by heat exchanging and proceeds hotter than
it gets. The liquid can be kept within a reservoir or other
means, and can originate from a reservoir or other source
(not shown in the figure).
[0097] In cases where the external fluid has its own
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driving power, pump 688 is not mandatory. In cases
where the external fluid is relatively clean, filter 682 may
be omitted.
[0098] In some examples, the emitted heat can be re-
used internally in the dryer. For example, the emitted
heat in flow 686 can be stored in some reservoir (e.g.,
using a suitable Phase-Change Material (PCM)), and lat-
er reused for heating the laundry in a subsequent drying
cycle.

CONDENSER-BASED DRYER WITH REGENERA-
TION HEAT EXCHANGER AND ELECTRIC GENERA-
TION

[0099] Fig. 17 is a block diagram that schematically
illustrates a condenser-based laundry dryer 700, in ac-
cordance with another example of the present invention.
In dryer, the cooling element of the closed-loop cycle is
implemented using a heat generator, e.g., a Thermo
Electric Generator (TEG) 710.
[0100] In the present example, TEG 710 comprises a
cascade of multiple (e.g., three) TEG devices
710A...710C. Multiple TEG devices typically achieve bet-
ter performance than a single TEG device, although a
single-TEG implementation is also feasible.
[0101] TEG 710 uses the temperature differential be-
tween flows 48 and 84 to produce electricity. During this
process, flow 48 cools down and typically produces more
condensate water 92, and air 48 leaves the hot side of
the TEG devices hotter, as air 714. Air 84 becomes warm-
er due to the heat transferred by the TEG devices, and
exits hotter as air 86. Air 714 enters heat exchanger 44,
and flows against the hot and humid air 40 that was ex-
tracted from drum 24.
[0102] The example of Fig. 17 demonstrates the dis-
closed technique using a simplified closed cycle, for the
sake of clarity. In alternative examples, a TEG-based
cooling element can be used in any of the dryer config-
urations described above.
[0103] In some examples, the electrical energy har-
vested by TEG 710 can be fed back to some of the dryer
devices, such as the heater or the blower. In alternative
examples, the TEG device may be replaced by any other
suitable type of heat harvesting device that converts heat
into electricity.
[0104] The dryer configurations shown in Figs. 1-17
are example configurations that are chosen purely for
the sake of conceptual clarity. In alternative embodi-
ments, any other suitable configuration that uses a
closed-loop cycle having a regeneration heat exchanger
and a cooling element can be used.
[0105] For example, any of the heat exchangers de-
scribed in Figs. 1-17 (e.g., heat exchangers 44, 44A-44C,
60, 170, 212, 204, 370, 224, 236, 370 and 390) may be
implemented as a crossflow heat exchanger, counter-
flow heat exchanger, parallel-flow heat exchanger, or any
other suitable heat exchanger type. Moreover, the func-
tionality of the heat exchanger may be replaced by a TEC

or a heat-pump.
[0106] In any of the closed-loop pathway configura-
tions, re-heating of air can be performed by a heater (e.g.,
heaters 72, 72A-72C, 74, 74A-74C), by the hot side of a
TEC (e.g., TEC 52, 52A-52C, 70 and 70A-70C) or by the
refrigerant condenser of a heat pump (e.g., refrigerant
condenser 236 and refrigerant condenser 212).
[0107] In any of the closed-loop pathway configura-
tions, the cooling element may comprise a heat exchang-
er that uses external fluid (e.g., heat exchanger 60, 360),
by the cold side of a TEC (e.g., TEC 52, 52A-52C, 70
and 70A-70C), by the refrigerant evaporator of a heat
pump (e.g., refrigerant condenser 204, 224), by the hot
side of TEG (e.g. TEG 710,710A,710B,710C) or by the
hot side of a heat harvesting device (e.g., Stirling engine,
etc.).
[0108] In the examples of Figs. 1-17, the blowers (e.g.,
blowers 36, 36A-36C, 88 and 88A-88C) are placed at
specific locations in their respective pathways. These
blower positions, however, are depicted only by way of
example, and the blowers can alternatively be omitted or
placed at any other suitable location along the air path-
ways.
[0109] Although the embodiments described herein
mainly address laundry dryers, the methods and systems
described herein can also be used in other applications
that involve drying of various objects or materials, such
as food, wood, paper and pulp drying, desiccant regen-
erating, alcohol distillation, paint drying, oil extraction and
more.
[0110] Although the embodiments described herein re-
fer mainly to drying of water, the disclosed techniques
can be used for drying of alcohol, solvent, or other suit-
able materials. Although the embodiments described
herein refer mainly to air that is circulated in the closed-
loop pathway, the disclosed techniques can be used with
other suitable gases being circulated.
[0111] In some embodiments, elements of the dryer
(e.g., the compartment, tubing and/or heat exchangers)
may be thermally insulated to reduce energy loss.
[0112] Although the embodiments described herein re-
fer to condensation by heat exchange with external air
(e.g., air 80), the disclosed techniques can be implement-
ed by heat exchange with any other suitable external
fluid, whether gas or liquid. For example, in one embod-
iment the external fluid may comprise tap water, in which
case blower 88 may be replaced by a restrictor or con-
trolled tap.
[0113] It will thus be appreciated that the embodiments
described above are cited by way of example, and that
the present invention is not limited to what has been par-
ticularly shown and described hereinabove.

Claims

1. A drying apparatus, comprising: at least first (24C)
and second (24A) compartments for containing ob-
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jects to be dried (28C, 28A);
characterized by further comprising a closed-loop
air pathway, which is configured to cycle air in cas-
cade through at least the first (24C) and second
(24A) compartments, to extract air (64B) from the
first compartment (24C), to dry and reheat the air
(62B and/or 64B) extracted from the first compart-
ment (24C), and to introduce the dried and reheated
air (66A or 68A) into the second compartment (24A);
and a regeneration heat exchanger (44A, 44B and/or
44C), which is inserted in the closed-loop air path-
way.

2. The drying apparatus according to claim 1, wherein
the regeneration heat exchanger (44B), is config-
ured to dry and reheat the air (64B) extracted from
the first compartment (24C) using heat of the air
(64B) extracted from the second compartment
(24C).

3. The drying apparatus according to claim 1 further
comprising a second regeneration heat exchanger
(44C), which is inserted in the closed-loop air path-
way and is configured to dry and reheat the air (64C)
entering the first compartment (24C) using heat of
the air (40C) cooled in the regeneration heat ex-
changer (44C).

4. The drying apparatus according to claim 1, wherein
the regeneration heat exchanger (44C), is config-
ured to dry and reheat the air (64C) entering the first
compartment (24C) using heat of the air (40C) ex-
tracted from the second compartment (24A).

5. The drying apparatus according to claim 1, and com-
prising a heating element, (52 or 72) which is inserted
in the closed-loop air pathway and is configured to
heat the air prior to entry to the second compartment
(24A).

6. The drying apparatus according to claim 1, and com-
prising a cooling element (60), which is inserted in
the closed-loop air pathway and is configured to re-
move moisture from the air of the closed-loop air
pathway by evacuating heat from the air after extrac-
tion from the second compartment (24A) and before
entering the first compartment (24C).

7. A drying method, comprising:

using a closed-loop air pathway comprising a
regeneration heat exchanger (44A, 44B and/or
44C), cycling air in cascade through at least first
and second compartments (24C and 24A) con-
taining objects to be dried (28C and 28A);
extracting air from the first compartment (24C);
drying and reheating the air extracted from the
first compartment (24C); and

introducing the dried and reheated air (66A or
68A) into the second compartment (28A).

Patentansprüche

1. Trocknungsvorrichtung, umfassend: mindestens ei-
ne erste (24C) und eine zweite (24A) Kammer zum
Aufnehmen von zu trocknenden Gegenständen
(28C, 28A);
gekennzeichnet ferner durch Umfassen eines ge-
schlossenen Luftkreislaufs, der dazu konfiguriert ist,
Luft kaskadenartig durch mindestens die erste (24C)
und die zweite (24A) Kammer zu zirkulieren, Luft
(64B) aus der ersten Kammer (24C) abzuführen, die
aus der ersten Kammer (24C) abgeführte Luft (62B
und/oder 64B) zu trocknen und erneut zu erwärmen
und die getrocknete und erneut erwärmte Luft (66A
oder 68A) in die zweite Kammer (24A) einzuführen;
und einen regenerativen Wärmetauscher (44A, 44B
und/oder 44C), der in den geschlossenen Luftkreis-
lauf eingefügt ist.

2. Trocknungsvorrichtung nach Anspruch 1, wobei der
regenerative Wärmetauscher (44B) dazu konfigu-
riert ist, die aus der ersten Kammer (24C) abgeführte
Luft unter Verwendung von Wärme der aus der zwei-
ten Kammer (24C) entnommenen Luft (64B) zu
trocknen und erneut zu erwärmen.

3. Trocknungsvorrichtung nach Anspruch 1, ferner um-
fassend einen zweiten regenerativen Wärmetau-
scher (44C), der in den geschlossenen Luftkreislauf
eingefügt und dazu konfiguriert ist, die in die erste
Kammer (24C) eintretende Luft (64C) unter Verwen-
dung von Wärme der in dem regenerativen Wärme-
tauscher (44C) gekühlten Luft (40C) zu trocknen und
erneut zu erwärmen.

4. Trocknungsvorrichtung nach Anspruch 1, wobei der
regenerative Wärmetauscher (44C) dazu konfigu-
riert ist, die in die erste Kammer (24C) eintretende
Luft (64C) unter Verwendung von Wärme der aus
der zweiten Kammer (24A) abgeführten Luft (40C)
zu trocknen und erneut zu erwärmen.

5. Trocknungsvorrichtung nach Anspruch 1 und um-
fassend ein Heizelement (52 oder 72), das in den
geschlossenen Luftkreislauf eingefügt und dazu
konfiguriert ist, die Luft vor dem Eintritt in die zweite
Kammer (24A) zu erwärmen.

6. Trocknungsvorrichtung nach Anspruch 1 und um-
fassend ein Kühlelement (60), das in den geschlos-
senen Luftkreislauf eingefügt und dazu konfiguriert
ist, der Luft des geschlossenen Luftkreislaufs Feuch-
tigkeit zu entziehen, indem Wärme nach Abführen
aus der zweiten Kammer (24A) und vor Eintreten in
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die erste Kammer (24C) aus der Luft abgezogen
wird.

7. Trocknungsverfahren, umfassend ein Verwenden
eines geschlossenen Luftkreislaufs, der einen rege-
nerativen Wärmetauscher (44A, 44B und/oder 44C)
umfasst, wobei Luft kaskadenartig durch mindes-
tens eine erste und eine zweite Kammer (24C und
24A) zirkuliert wird, die zu trocknende (28C und 28A)
Gegenstände enthalten;
Abführen von Luft aus der ersten Kammer (24C);
Trocknen und erneutes Erwärmen der aus der ersten
Kammer (24C) entnommenen Luft; und Einführen
der getrockneten und erneut erwärmten Luft (66A
oder 68A) in die zweite Kammer (28A).

Revendications

1. Appareil de séchage, comprenant : au moins un pre-
mier (24C) et un deuxième (24A) compartiments
pour contenir des objets à sécher (28C, 28A) ;
caractérisé en ce qu’il comprend en outre une voie
d’air en circuit fermée, qui est configurée pour faire
circuler l’air en cascade à travers au moins les pre-
mier (24C) et second (24A) compartiments, pour ex-
traire l’air (64B) du premier compartiment (24C),
pour sécher et réchauffer l’air (62B et/ou 64B) extrait
du premier compartiment (24C), et introduire l’air sé-
ché et réchauffé (66A ou 68A) dans le deuxième
compartiment (24A) ; et un échangeur de chaleur à
régénération (44A, 44B et/ou 44C), qui est inséré
dans la voie d’air en circuit fermé.

2. Appareil de séchage selon la revendication 1, dans
lequel l’échangeur de chaleur de régénération (44B)
est configuré pour sécher et réchauffer l’air (64B)
extrait du premier compartiment (24C) en utilisant la
chaleur de l’air (64B) extrait du second compartiment
(24C).

3. Appareil de séchage selon la revendication 1, com-
prenant en outre un deuxième échangeur de chaleur
à régénération (44C), qui est inséré dans la voie d’air
en circuit fermé et est configuré pour sécher et ré-
chauffer l’air (64C) entrant dans le premier compar-
timent (24C) en utilisant la chaleur de l’air (40C) re-
froidi dans l’échangeur de chaleur à régénération
(44C).

4. Appareil de séchage selon la revendication 1, dans
lequel l’échangeur de chaleur à régénération (44C)
est configuré pour sécher et réchauffer l’air (64C)
entrant dans le premier compartiment (24C) en uti-
lisant la chaleur de l’air (40C) extrait du deuxième
compartiment (24A).

5. Appareil de séchage selon la revendication 1, et

comprenant un élément chauffant (52 ou 72) qui est
inséré dans le trajet d’air en circuit fermé et est con-
figuré pour chauffer l’air avant son entrée dans le
deuxième compartiment (24A).

6. Appareil de séchage selon la revendication 1, et
comprenant un élément de refroidissement (60), qui
est inséré dans la voie d’air en circuit fermé et est
configuré pour éliminer l’humidité de l’air de la voie
d’air en circuit fermé en évacuant la chaleur de l’air
après extraction du deuxième compartiment (24A)
et avant d’entrer dans le premier compartiment
(24C).

7. Procédé de séchage, comprenant :

d’utiliser une voie d’air en circuit fermé compre-
nant un échangeur de chaleur à régénération
(44A, 44B et/ou 44C), faisant circuler l’air en
cascade à travers au moins des premier et
deuxième compartiments (24C et 24A) conte-
nant des objets à sécher (28C et 28A) ;
d’extraire l’air du premier compartiment (24C) ;
de sécher et de réchauffer l’air extrait du premier
compartiment (24C) ; et
d’introduire l’air séché et réchauffé (66A ou 68A)
dans le deuxième compartiment (28A).
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